Background: The emergence of multidrug-resistant (MDR) Acinetobacter baumannii as an important opportunistic pathogen has given rise to significant therapeutic challenges in the treatment of nosocomial infections. In the present study, we assess the antibiotic resistance mechanisms of MDR A. baumannii strains by estimating the prevalence of antibiotic resistance determinants, including integrons, b-lactamases, str genes, and gyrA and parC mutations.
INTRODUCTION
Acinetobacter baumannii is an aerobic, gram-negative, non-glucose fermenting bacterium, which has recently emerged as an important opportunistic pathogen causing nosocomial infections, including pneumonia, septicemia, and urinary tract and wound infections, and is also frequently involved in outbreaks. The organism is characterized by its tendency to acquire resistance to multiple classes of antimicrobials [1] .
Multidrug-resistant (MDR) A. baumannii strains have been known to acquire their antibiotic-resistant genes via class 1 integrons that carry single or multiple gene cassettes [2] . Integrons are genetic elements that mostly encode antibiotic resistance and have the ability to integrate or mobilize their inherent gene cassettes [3] . Aminoglycoside resistance genes, such as acetyltransferase [4] [5] [6] .
Although carbapenems have become the drug of choice for treating Acinetobacter infections, their efficacy is now compromised by the emergence of carbapenem resistance.
Carbapenemase production is the most well-described resistance mechanism to carbapenems [7] . Ambler class B enzymes (also referred to as metallo-b-lactamases, or MBLs) and carbapenem hydrolyzing class D-b-lactamases have been isolated from carbapenem-resistant A.
baumannii strains worldwide [8, 9] . In particular, the 
MATERIALS AND METHODS

Bacterial isolates and rpoB gene analysis
Antimicrobial agents and MIC determinations
The CLSI agar dilution method was used to determine the MIC [14] . 
Characterization of antimicrobial resistance determinants
All MDR A. baumannii isolates were sequenced by PCR to detect antibiotic resistance determinants and to identify mutations associated with fluoroquinolone resistance. The specific primers used in detecting antibiotic resistance determinants are described in Table 1 .
PCR and sequencing analysis of antibiotic resistance determinants, excluding integron, was performed by the same method as rpoB gene analysis with the exception of primer annealing (for 40 sec at 59℃ instead of 52℃).
Integron detection, characterization, and gene cassette amplification were carried out using previously described 
Repetitive extragenic palindromic-PCR (REP-PCR)
for clonality assessment REP-PCR was conducted in a 50 mL reaction mixture containing 100 ng chromosomal DNA, 5 mL 10×Taq buffer, 
RESULTS
Antibiotic susceptibility testing
Of the 35 MDR A. baumannii strains, strains 11, 18, and 6 were isolated in hospitals A, B, and C, respectively, and were tested for susceptibility to 9 antibiotics by MIC determination (Table 2) . Twenty-seven isolates demonstrated high-level resistance to gentamicin, streptomycin, ampicillin, and ciprofloxacin (Table 2) . Of the 9 antimicrobials tested, the most efficacious was amikacin.
Detection and characterization of integrons
Class 1 integrons were detected in 7 of the 35 isolates (20.0%), however, no class 2 or class 3 integrons were found within the cohorts (Table 3) . Class 1 integron gene cassettes can be classified into 2 types according to the cassette composition (Fig. 1) . 
Detection of antibiotic resistance determinants
The aadA1 gene cassette was present in 4 out of 7
integron-positive isolates (A14, B6, B9, B13), yet all 35
isolates were resistant to streptomycin. Hence, we investigated the determinants strA and strB for their ability to confer resistance to streptomycin. Twenty-seven of the 35 isolates contained the single strB gene, while the single strA gene was not found in any isolate ( Table 3 ).
The isolates containing strB were highly resistant to streptomycin (MIC≥512). A4  64  <16  32  128  128  128  64  16  4  A14  64  >128  >512  >512  512  >512  64  64  64  A15  <2  <16  64  128  128  128  64  16  4  A16  16  >128  >512  >512  >512  >512  256  16  >64  A20  <2  >128  >512  >512  >512  >512  256 B3  64  >128  >512  >512  >512  >512  256  16  >64  B4  64  >128  >512  >512  512  512  64  64  >64  B6  64  >128  >512  >512  >512  >512  256  64  >64  B9  64  >128  >512  >512  >512  >512  256  64  >64  B13  64  >128  >512  >512  512  >512  64  64  >64  B21  64  >128  >512  >512  128  512  64  16  >64  B22  64  >128  >512  >512  128  512  64  16  >64  B23  64  >128  >512  >512  128  512  64  16  >64  B24  64  >128  >512  >512  >512  >512  >512  16  >64  B25  64  >128  >512  >512  >512  512  512  16  >64  B27  64  >128  >512  >512  128  512  64  16  >64  B28  64  >128  >512  >512  128  512  64  16  >64  B29  64  >128  >512  >512  128  512  64  16  >64  B30  64  >128  >512  >512  128  512  64  16  >64  B33  64  >128  >512  >512  128  256  64  16  >64  B36  64  >128  >512  >512  128  512  64  16  >64  B37  64  >128  >512  >512  128  512  64  16  >64  C1  64  64  64  >512  >512  256  64  64  4  C4  64  64  64  >512  >512  128  64  64  64  C6  64  >128  >512  >512  128  512  64  64  >64  C8  64  >128  >512  >512  >512  >512  512  64  >64  C11  64  >128  >512  >512  512  512  64  64  >64  C25  4  <16  32  128  128  128  64  16 4 Integron classes have been identified by sequencing the integrase genes, with class 1 being the most prevalent in Acinetobacter spp. [22, 23] . In this study, only the class 1 integron was identified in MDR A. baumannii. A. baumannii (AY922989) [24] .
REP-PCR patterns
Various gram-negative bacteria, including A. baumannii, have been shown to contain insertion sequences with promoters that alter the levels of gene expression [25, 26] . The ISAba1 element provides promoter sequences M  A4  A14 A15 A16 A20 A22 A23 A31 A32 A34 M  A36 C1 C4  C6  C8 C11 C25   12,000 bp  8,000 bp  5,000 bp  3,000 
